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Abstract 
As Coal-to-liquid project is  in face of lot uncertainties largely due to the wide fluctuation of oil industry, it is unable 
to evaluate this project accurately via the traditional NPV analysis method. The paper tries to app ly real options 
analysis approach to evaluate this Coal-to-liquid project, simulate the fluctuation of oil price by a designed software 
and also compare the operating value and the value of waiting to invest  in this Coal-to-liquid project. 
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1. Introduction 
The technique of CTL˄Coal-to-liquid˅was introduced in1923 [1-2].There are no agreed conclusions 
over the feasibility of CTL both in China and abroad because of the huge risk of CTL due to many 
incoming uncertainties and it is still uncertain whether it is reasonable to replace o il with coal from the 
prospective of a country.  
CTL project  has been proved to be feasible mainly  based on the theory of NPV analysis, which 
ignores the irreversibility, uncertainty and competitiveness of special real assets investment. Therefore, 
the NPV method [3] does not suit CTL projects which are high in specificity and uncertainty.  
Real options [4] are to use the concept of options under uncertainties to define the real decision  making 
right in real assets investment. Wait ing options of real options refer to the right for decision makers to 
choose the best opportunity for their firms to carry out an investment plan.  
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2. The application of real options theory in present CTL projects 
(1) Project implementing by stages and real options theory  
The CTL pro ject of Shenhua is to be established with total investment of 250-279 billion RMB [5]. It 
is to be implemented by stages with 2.5 million tons of oil p roduction per year and investment of 16.2 
billion RMB in  the first stage, through which the effect prospective of uncertainties is reduced, the option 
to expand or shrink is kept and the current value of CTL project is increased.  
(2)Insurance and real options theory 
Buying insurance will be a good way to hedge losses when disagreeable situations appear. Shenhua 
purchases 75 billion RMB engineering risk insurance for this consideration, which is kind of option 
bought to avoid risks coming from uncertainties in the future.  
3. The application of real options in CTL project evaluation 
3.1 The real options value of CTL project operation 
Table 1 1982-2009 Brent petroleum average price 
year 
price  
of crude oil 
year 
price 
 of crude oil 
year 
price  
of crude oil 
year 
price  
of crude oil 
1982 32.97 1989 18.21 1996 20.81 2003 31 
1983 29.55 1990 23.81 1997 19.3 2004 41.47 
1984 28.66 1991 20.05 1998 13.11 2005 56.7 
1985 27.51 1992 19.37 1999 18.25 2006 66.25 
1986 14.38 1993 17.07 2000 28.63 2007 64.45 
1987 18.42 1994 15.98 2001 28.72 2008 96.34 
1988 14.96 1995 17.18 2002 25.1 2009 60.91 
 
Take Shenhua CTL project as an example. We only analyze the first stage of the project here , the 
investment of which is 100 b illion RMB. It will take about 5 years for the project to get approval, finish 
the construction and begin to operate, and 13 years to recoup the investment. Here we choose 10 years as 
an analysis period. Suppose there are only increase and decline two possibilit ies for oil price to fluctuate 
every year based on the fluctuation of the h istorical data of oil price, and we could  create a binomial tree  
for oil price with the data (Table 1) [6]. 
(1) Statistical parameters of the crude oil price over years 
From Table 1, we could get the s tatistical parameters of the crude oil price over years Table 2. 
Table 2 Statistical parameters of the crude oil price over years 
the predicted annual increasing rate of oil price (μ) risk-free interest rate variability q 
5.97% 2.79ˁ 40.3ˁ, 0.5346 
Notes: The risk-free interest takes RMB deposit and loan benchmark interest rate applied to  
financial institutions from 18, 6, 2010 on as a standard 
(2) Creating a binomial tree  
50  Teng Yingyue et al. / Energy Procedia 5 (2011) 48–52
The binomial tree [7] of oil price is shown in Table 3. The starting point of the tree is 66.25, from which  
the tree can fluctuate up or down, with a range of 0.403, the upward probability 0.5346, the downward 
probability 1-0.5346. 
Table 3 the binomial tree parameter of oil price 
u d q starting point  step number 
0.403 0.597 0.5346 66.25 10 
  
(3) Simulating 
In this paper, simulating software is prepared with c++ language based on the possible tracks of the 
binomial tree. The aim of the simulation is to find the total value of the project, identify  all the  tracks, 
calculate the discount cash flow of every tracks, and then get the average of these cash flows, which is the 
optimal value o f the project. In this paper, the data of table3 is turned into present value, taking 1 barrel of 
oil output annually as a standard. Putting the data above into the simulating software, we get Fig 1.   
 
Fig. 1 simulating software of the binomial tree 
We could get 5000 possible tracks in the binomial tree through the software, on which there are times 
of simulating, opening points, closing points, and the ratio of fluctuation. On every point, the ratio of 
choosing upward movement of the price for the computer is 0.5346, while accord ingly the downward 
movement 0.4654. The result presents the value of every track , and also indicates the mean of the total 
value of all the tracks over the years. Based on the standard of 1 barrel of oil output annually, the mean of 
the discount for ten years’ sales is 651.1. 
(4) Choosing opening points and closing points 
According to the general opinion  worldwide, CTL project is profitable when the price o f o il is over 
$28 per barrel. Based on this, the opening point could be 22, 25, 28, 30, and the closing point 35, 38, 41, 
45.  
Put the combinations of each opening point and closing point in the software, and we could get the 
optimal value (the mean of the discount for ten years’ sales based on a standard of 1 barrel of oil output 
annually) ( Table 4) 
Table 4 the optimal project value gained from projects with different opening and closing price (1 barrel per year) 
closing point  opening point  expectation 
22 41 633.09 
(5) Operating option value  
Suppose the CTL project was invested immediately, the relative data is shown in Table 5. 
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Table 5 the original data of calculating operating options value 
items amount  items amount  
investment in the first stage 
(billion RMB) 
100 management cost 
(million RMB /year) 
16400 
construction period 
˄year˅ 
4 financial cost 
(million RMB /year) 
25500 
Output 
˄million tons˅ 
100 Opening point 
˄RMB /barrel˅ 
146.4 
Cost 
˄RMB /barrel˅ 
137 closing point 
(RMB /barrel) 
272.9 
Note: In the four years, the average investment in every year is 25 billion RMB, no other cash inflow.   
Putting the relat ive data into the software, the total operating t ime is 5000, and the mean  of the pro ject 
total value on each track is 305.55. In the estimate of the operating options, the total value of the project is  
16.72 RMB billion, if the crude oil output is 100 million tons per year (table 6).  
Table 6 the result of calculating operating options˄million RMB˅ 
discounted value of the  
profit  in ten years 
the present value of cash flow  
in the first  five years 
the total value of the project 
t  in 10 years 
984 490  -81.73 16.72 
 
However, if the problems in the industrial production of CTL,  such as slagging, abrasion, catalyst, 
could not be solved completely, the operating days could not reach 300, but only about 200 days, with the 
output of only 490 million barrels. And then the total value of the pro ject in the 10 years would decrease, 
only-15.64 billion RMB. 
3.2 The value of waiting to invest CTL project 
If a CTL pro ject is started immediately, the value of wait ing to invest is the opportunity cost of the 
investment. On the other hand, if the decision makers of the investing enterprise put off the p roject 
temporarily, the value of waiting to invest is the value owned by the decision markers generated by the 
ownership of this investing opportunity.  
If the project is to be put off for one year, the average price of o il is 453.2 RMB per barrel in 2010, 
465.88 RMB per barrel in 2011, 479.2 RMB per barrel in 2012 according to the binomial tree forecast. 
Taking 2009 as an opening point and simulating 500 times with the software, the mean of the sum is 
330.52.  Table 7 is a graphic of the value of waiting to invest  
Table 7 Graphic of the value of waiting to invest (Invest one year later) (Billion RMB) 
discounted 
value of the 
profit  in ten 
years 
present value of 
cash flow in the 
first  five years 
The total value 
of the project in 
10 years 
discounted to 
the present 
value of 2010 
present value 
lose 
conversion for 
the present 
value 
the total value 
of investing the 
projects for ten 
years 
110.58 -81.73 29.15 28.35 24.96 21.70 7.41
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3.3 A comparison between the operating value and the value of waiting to invest of CTL project 
 
Fig. 2 comparison between the operating value and the value of waiting of CTL project 
Just considering form the prospective of an  enterprise, if the technique is mature, it  is reasonable to 
invest immediately, while if it is not, the waiting options is greater than the operating options because of 
large o il price fluctuations and uncertainties. The period of the project  investment return is 13 years 
predicted by net present value analysis , and if the technique is not mature, the value of waiting to invest 
one year later is greater than that operating immediately(7.52>-15.64) (Fig. 2). In this paper, the author 
takes 10 years as a period, but the real life period of CTL project is 10 years, which could not affect the 
project evaluation conducted with the real options method.  
4. Conclusion 
From the prospective of an enterprise, if the technique is mature, it is reasonable to invest immediately, 
while if it is not, the value of wait ing to invest one year later is greater than the operating value of 
immediate production.  
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